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DIRECT IMAGING OF THE SURFACE MICROSTRUCTURE OF
DIELECTRIC MATERIALS USING AN ATOMIC FORCE
MICROSCOPE

W. N. Unertl and R. J. Lad
University of Maine

The Atomic Force Microscope (AFM) was used for direct nanometer-
scale resolution imaging and mechanical modification of polymer and
ceramic surfaces. The effect of processing conditions on surface
properties was also studied.

Major Achievements

1. Improvements in AFM Measurement Technology. We use the Park
Instruments SFM-BD2 Force Microscope which was purchased during the
first year of the grant. We have made several improvements to the AFM
instrumentation and have established many of the physical limitations of
the method.

* An AFM/STM laboratory has been established at the University
of Maine. Samples can be analyzed in ambient air, in
transparent fluids, and at temperatures up to 100 °C.

* Lateral resolution of AFM on polymers surfaces is limited by
adhesive forces between the tip and substrate. Typical values
for polyimide surfaces are about 150 A and are in good
agreement with values predicted by contact mechanics [v,
reference number publication list below].

* Writing sub-micrometer wide line with the AFM has been
demonstrated on polymer surfaces ({ii].
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« Quantitative information about the mechanical properties
(Young's modulus, yield strength) of polymer surfaces can be
extracted using the AFM [vi].

* A thermal stage has been developed that allows imaging at
temperatures up to 100 °C [manuscript in preparation].

* An ultra-high vacuum AFM was designed based on experience
gained in this AFOSR funded project. Construction is currently
underway under funding from NSF.

2. Highlights of Research Results on Polymer Surfaces. Several clean and
metal coated polymers have been studied. Major results include:

* Evaporated metals do not wet polyimides [iii,vi]. Rather,
clusters nucleate and grow. Continuous films are formed only
after about 50 A thickness.

* The surface yield stress of PMDA-ODA is about 125 MPa [vii].

* Plastic deformation of PMDA-ODA results in volume increases
[vii].

* Fine grooves in PMDA-ODA, such as those used in liquid crystal
displays, are formed by plastic deformation rather than
cutting to remove material [ii,vii].

* The number of inclusions with high mechanical strength
(possibly crystalline regions) increases near the surface of
PMDA-QODA Ti].

* The surface roughness of various spin-coated and cast
polyimide films have been measured for the first time [iii].
Spin-coated films are smoother. '

* A composite film of PTFE and SiOz particles (Rogers 2800) has
lower surface energy over the particles even though XPS
indicates that the particles are covered by a thin film of PTFE
[manuscript in preparation].

* A major review of metal adhesion to polyimides was prepared

fivl.
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3. Highlights of Results on Caramic Surfaces: The AFM has been used to
examine the surface microstructure and morphology of several single
crystal and thin film ceramic materials. Major results include:

The stability and microstructure of single crystal TiO2 low
index (100), (110) and (001) surfaces was systematically
studied. A wealth of experiments on these surfaces over the
past decade make them a well-established mode! system for
oxide surface studies. Using AFM the (100) and (001) surfaces
were tound to facet at high temperatures [x] and the defect
structure of the (110) surface was shown to be processing
dependent [ix].

The surface morphology of fractured Cr20Os and NiO single
crystals was investigated. Single atomic height steps and
kinks are present on cleaved Cr203 surfaces. NiO cleavage
surfaces are rough and have no single height steps; the
minimum step height is 20 A [viii,ix].

A regular single step - terrace structure was imaged on
polished r-cut sapphire substrates [ix]. No steps are visible on
similarly prepared c-axis sapphire substrates.

SnO:2 films deposited by rf-sputter deposition on r-cut
sapphire substrates grow with perfect epitaxy at 500 C. AFM
imaging shows the substrate step structure persisting after
deposition of a 400 A thick film indicating that the growth
occurs via a layer-by-layer mechanism controlled by diffusion
of adatoms to step edges [xi].

A monolayer of Pd deposited onto epitaxial SnO:2 fiims is
dispersed at 300K and forms clusters after annealing to 500K
in vacuum [xii].

The amorphous to crystalline phase transition on rf-sputter
deposited WOs films was characterized and the film
microstructure was correlated with H2S gas sensing response
[xiii].

Vanadium carbide surfaces are extremely hard and degrade the
SisNa AFM tips during imaging [ix]. Epitaxial vanadium oxide
crystallites grow during high temperature oxidation
[manuscript in preparation].
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